The aims of the present study were to propose a multivariate model for predicting simultaneously body, trunk and appendicular fat and lean masses from easily measured variables and to compare its predictive capacity with that of the available univariate models that predict body fat percentage (BF%). The dual-energy X-ray absorptiometry (DXA) dataset (52 % men and 48 % women) with White, Black and Hispanic ethnicities (1999)(2000)(2001)(2002)(2003)(2004), National Health and Nutrition Examination Survey) was randomly divided into three sub-datasets: a training dataset (TRD), a test dataset (TED); a validation dataset (VAD), comprising 3835, 1917 and 1917 subjects. For each sex, several multivariate prediction models were fitted from the TRD using age, weight, height and possibly waist circumference. The most accurate model was selected from the TED and then applied to the VAD and a French DXA dataset (French DB) (526 men and 529 women) to assess the prediction accuracy in comparison with that of five published univariate models, for which adjusted formulas were re-estimated using the TRD. Waist circumference was found to improve the prediction accuracy, especially in men. For BF%, the standard error of prediction (SEP) values were 3·26 (3·75) % for men and 3·47 (3·95) % for women in the VAD (French DB), as good as those of the adjusted univariate models. Moreover, the SEP values for the prediction of body and appendicular lean masses ranged from 1·39 to 2·75 kg for both the sexes. The prediction accuracy was best for age ,65 years, BMI ,30 kg/m 2 and the Hispanic ethnicity. The application of our multivariate model to large populations could be useful to address various public health issues.
, has been associated with an increased risk of metabolic diseases, such as type 2 diabetes and CVD. The amount of lean body mass, especially of appendicular muscle mass, is also directly correlated with health and particularly with the mortality rate (3, 4) . Accurate measurements of body composition can be obtained from different methods, such as underwater weighing, dilution techniques and dual-energy X-ray absorptiometry (DXA). However, their applications are not always convenient for large populations, because they require fixed equipment and they are also time consuming and expensive. The potential uses of statistical methods for body composition assessment have been highlighted (5) , and several attempts to predict body composition, particularly body fat percentage (BF%), using linear models with simple predictor variables have been made. A summary of the body composition prediction models published between 1985 and 2003 has been given by Sun & Chumlea (6) . They pointed out that
(1) a general model for two sexes, different ethnicities and wide age ranges may lose its accuracy due to increased heterogeneity; (2) cross-validation of prediction models was needed to assess their generalisability; (3) for validation studies, accuracy should be standardised for the mean of the predicted variable; (4) few prediction models were derived from datasets using DXA. The advantages of using sex, age, ethnicity and easily accessible anthropometric measurements, such as body weight and height, are simplicity and cost efficiency. Their use would allow access to large datasets to describe body composition characteristics. Previous published linear models have made univariate predictions (7 -11) . Alternatively, a non-parametric model based on Bayesian networks that uses the same predictor variables has been proposed (12, 13) . This Bayesian networks approach consists in selecting a subset of individuals so that their predictor variable characteristics are similar to those of the individuals to be predicted. This model allows simultaneous prediction of segmental compartments, but requires the availability of a reference dataset. To our knowledge, until now, no multivariate linear prediction model has been proposed for body composition assessment. The aim of the present study was, therefore, to develop sex-specific multivariate models for estimating some segmental compartments of metabolic importance (i.e. lean body mass, appendicular muscle mass and trunk fat (TF)) from age and easily accessible anthropometric variables. The usefulness of waist circumference was also investigated and combined with age, height and weight as predictor variables. These multivariate models, based on the reference dataset National Health and Nutrition Examination Survey (NHANES), were validated with two different populations in agreement with the principles proposed by Sun & Chumlea (6) . The study was conducted separately on men and women; therefore, the complete NHANES dataset was split by sex. For each sex, we randomly split the corresponding NHANES dataset into three sub-datasets: a training dataset (TRD); a test dataset (TED); a validation dataset (VAD).
Subjects and methods

Databases
As the number of individuals was high, the splitting was done at random as suggested by Hastie et al. (14) and Nivre (15) in datarich situations. The TRD was used as a reference dataset to fit the parameters of a series of possible models. The test dataset was used to estimate the prediction error of each fitted model to make model selection, and the VAD was used to perform a one-round validation calculation and to assess the prediction accuracy of the final chosen models. An independent external dataset (French DB, French DXA dataset) was used to assess the performance of the prediction models in a different population context. The French DB was obtained from a routine examination at the Radiology Department of the Clermont-Ferrand University Hospital Centre between 1998 and 2008. It contains data on 1095 French subjects, 526 men and 569 women, aged between 20 and 85 years and with BMI values ranging between 18 and 40 kg/m 2 . However, ethnicity was not mentioned and waist circumference was not measured during the examination.
The study carried out using the NHANES dataset complies with the Declaration of Helsinki, the National Center for Health Statistics Ethics Review Board approved the protocols, and written informed consent was obtained from each participant. Moreover, the study using the French dataset was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Clermont-Ferrand University Hospital Centre, France, and by the local ethics committee. Written informed consent was obtained from all subjects at recruitment after being informed of the nature, purpose and possible risks of the protocols.
Measurement of body composition
Whole-body and segmental body compositions were assessed using DXA (Hologic QDR 4500A fanbeam densitometer for the NHANES dataset and Hologic QDR-4500 densitometer for the French DB; http://www.gmecorp-usa.com/IM/XR/BD/ HOLLOGIC/4500/SV/Qdr4500dos.pdf). For the NHANES dataset, detailed descriptions have been published earlier (16) . Briefly, whole-body DXA scans were taken at the NHANES mobile examination centre for eligible participants during the 6-year period from 1999 to 2004; the participants with certain physical conditions were excluded from the DXA examination (17) . The DXA scans allow the quantification of multiple whole-body and regional components, including bone mineral content, fat and lean soft tissue. Body fat (BF) and body lean (BL) masses and TF and trunk lean masses were thus determined (18) . Appendicular composition was the sum of arm and leg fat (APF, appendicular fat) and lean (APL, appendicular lean) masses (19) . Body fat-free mass (BFF) was calculated as the sum of the BL mass and bone mineral content.
Statistical methods
Non-parametric approaches. First, several non-parametric approaches were evaluated to make absolute body composition predictions. The term 'non-parametric' implies that the number and nature of the parameters are flexible and not fixed in advance (20) . These non-parametric approaches followed the statistical methodology described by Mioche et al. (12) . The local prediction models included weighted linear regression, support vector machine regression (21, 22) and Bayesian regression (23) . For a given individual to be predicted, these methods follow three steps: (1) dissimilarities are calculated between the individual to be predicted and each individual of the TRD based on the values of the predictor variables; (2) the dissimilarities are transformed into weights to give more importance to similar individuals; (3) a prediction model is developed from this weighted dataset. When weights are constrained to be 0 or 1, the method corresponds to the selection of a sub-dataset as performed by Mioche et al. (12) . Multivariate linear regression. In the present study, a multivariate multiple linear regression, supposed to satisfy linear model assumptions, was also used as a possible alternative to these sophisticated prediction models. Multiple univariate linear regression is easily extended to deal with situations where the response consists of P. 1 different variables; this is termed 'multivariate linear regression' (24) . Estimates of the regression parameters are determined by the least squares method. The fitting model in a multivariate model for each variable will be the same as that which would result from a univariate model. However, the constraint in the multivariate model consists in using identical predictor variables for all the predicted variables. The advantage of using the multivariate approach is that it takes the correlation structure between the responses into account, which is useful for a number of inference tasks, e.g. to give simultaneous confidence regions for all the responses together.
Validation analysis. The selection of models from previously described multivariate approaches was based on the prediction accuracy and complexity of the models. The accuracy was measured by the standard error of prediction (SEP) and the relative standard deviation (RSD, two criteria defined below), and the complexity of the models was assessed by the number of parameters and computing time.
Waist circumference usefulness analysis. The usefulness of waist circumference for prediction was investigated. To do so, prediction accuracy was checked for some categories of BMI (18 -25, 25 -30 and 30 -40 kg/m 2 ), age (20-35, 35 -50, 50 -65 and 65 -80 years) and ethnicity (White, Black and Hispanic). This categorical analysis was performed only on the VAD. The prediction accuracy in this categorical study was expressed by a 100-scale score. A score of 100 denotes a baseline, i.e. the average level of prediction quality for all the categories; a score less than 100 denotes a better quality than the average level; and in contrast a score greater than 100 indicates a worse quality.
Comparison with published univariate models. In the literature, univariate linear regressions have been developed to primarily predict BF% from BMI, age and, occasionally, waist circumference or ethnicity as predictor variables (7 -11) .
Of the univariate models published between 2000 and 2012, five were retained with different combinations of predictor variables (Table 1 ). Gallagher's (7) and Larsson's (9) models were derived from a DXA dataset, Jackson's (8) model from a densitometry dataset from four clinical centres, Levitt's (10) model from a densitometry and water dilution dataset, and Gómez-Ambrosi's (11) model from an air-displacement plethysmography dataset. Original and adjusted formulas were applied to the VAD and French DB. The adjusted formulas were derived by re-estimating the parameters of the published models using the TRD. Their prediction accuracies were considered as baseline values to evaluate those of our proposed combination of predictor variables in the multivariate models. The prediction of BF% from our multivariate model was calculated by dividing the predicted value of BF by body weight, multiplied by 100. Assessment of the prediction accuracy. The accuracy of a prediction for a given variable was globally assessed using the SEP:
where n is the number of subjects in the VAD or French DB. The unit of SEP is the same as the unit of the predicted variable (kg or %). The SEP is then detailed into bias and standard deviation: SEP 2 ¼ bias 2 þ SD 2 to investigate the trade-off between model bias and variance in prediction. The RSD provides another assessment of the prediction accuracy. It was calculated by dividing 100 £ SEP by the mean of the predicted variable, and it is expressed in percentage of the global mean. Finally, the coefficient of determination R 2 was used to assess the goodness of fit in the validation procedure. Statistical test analyses. Population characteristics are expressed as means and standard deviations. Differences between each of the three subsets of the NHANES dataset and French DB were analysed using Student's t tests. These t tests aimed to assess the differences between the American and French samples. Only the SEP difference was analysed by a permutation test (25) . Furthermore, paired t tests and Bland -Altman plots (26) were used to determine the difference and the limits of agreement between the published univariate models and the multivariate model. A CI for the mean of the difference was also calculated under a normality assumption. Statistical calculations and analyses were performed using Gallagher et al. (27) , a language and an environment for statistical computing.
Results
Sample characteristics
The means and standard deviations of age, anthropometric variables and DXA body composition for the different datasets are presented in Table 2 for men and women. Within the three subsets of the NHANES dataset, the men and women were of the same age, but some difference was observed for the French subjects. For men, except for height, all the variables were significantly different between the French DB and the three NHANES dataset subsets. For women, most of the variables were significantly different between the French DB and the three NHANES dataset subsets, except for trunk lean, BL and BFF.
Prediction models
The study of the selection of models from the test dataset showed that the non-parametric approaches did not provide a significantly better SEP than the multivariate linear regression. Moreover, the non-parametric approaches need more parameters and computing times. Therefore, multivariate linear regression is the only model mentioned in the paper to predict segmental compartments. The parameters of this multivariate model are given in Table 3 for models with and without waist circumference (MWC and MWoC, respectively) as a predictor variable. Tables 4 and 5 summarise the prediction accuracy for three categories of BMI and ethnicity and four age ranges when MWC and MWoC are applied to the VAD. Predictions were more accurate when waist circumference was included, especially for men with a BMI value that ranged from 18 to 30 kg/m 2 and whose age ranged from 25 to 65 years. 
Inclusion of waist circumference
TF, trunk fat; APF, appendicular fat; BF, body fat; TL, trunk lean; APL, appendicular lean; BL, body lean; BFF, body fat-free mass, calculated as the sum of the BL mass and bone mineral content. * The parameters are, respectively, associated with the intercept, age (b A ), height (b H ), weight (b W ) and waist circumference (b C ). For the sake of presentation, all values have been multiplied by 100. TF  MWC  90  95  116  86  97  105  113  104  102  90  MWoC  105  120  136  126  114  125  119  120  145  103  APF  MWC  77  94  127  108  98  101  99  105  109  84  MWoC  81  98  129  115  100  106  98  108  117  86  BF  MWC  87  94  120  99  96  102  110  104  105  88  MWoC  100  113  133  129  108  120  112  117  137  98  TL  MWC  88  93  119  97  99  107  105  100  108  95  MWoC  89  95  119  100  98  108  105  102  107  95  APL  MWC  84  98  118  98  99  95  111  101  125  80  MWoC  105  121  142  138  124  121  114  116  172  95  BL  MWC  86  94  121  98  96  102  111  105  104  88  MWoC  98  112  134  127  108  119  112  116  134  98  BFF  MWC  87  94  120  99  96  102  110  104  105  88  MWoC  100  113  134  129  109  120  112  117  137  98 TF, trunk fat; APF, appendicular fat; BF, body fat; TL, trunk lean; APL, appendicular lean; BL, body lean; BFF, body fat-free mass, calculated as the sum of the BL mass and bone mineral content. * The accuracy is assessed by a 100-scale score: the smaller the score, the better the prediction. A value of 100 corresponds to the global standard error of prediction for all the categories with waist circumference as a predictor variable.
Multivariate prediction models
The validation scores for the multivariate model were calculated using the VAD, and they are given in Table 6 . For the prediction of BF and BL masses, a SEP value less than 2·8 kg was found for both men and women (men: 2·75 and 2·66 kg; women: 2·52 and 2·47 kg, respectively). By contrast, because of the differences in the compartment masses, the RSD values were much lower for the BL prediction than for the BF prediction (men: 4·41 and 13·08 %; women: 5·76 and 9·01 %, respectively). The corresponding R 2 values averaged 0·9 for both the sexes (men: 0·88 and 0·92; women: 0·92 and 0·86, respectively). Regarding other segmental compartments such as trunk and APF and APL masses and BFF, the SEP values ranged from 1·65 to 2·75 kg for men and from 1·39 to 2·52 kg for women. Similarly, in both the sexes, because of the differences in the compartment sizes, the RSD values were lower for trunk and APL masses than for the corresponding fat masses. They varied from 5·54 to 8·76 % for trunk and APL masses and from 12·54 to 19·18 % for trunk and APF masses. The corresponding R 2 values ranged from 0·8 to 0·9 for both the sexes. The bias ranged approximately from 0·50 to 0·90 kg for both men and women, which were low in comparison with the model variance ( Table 6 ). Comparisons of the predictions by models and the observations are shown in Fig. 1 for men and women. For men, segmental body compositions were globally well predicted, even if for extreme parts, some bias appeared: an underestimation for a high fat mass and an overestimation for low lean mass. For women, an underestimation for high APF and APL masses was observed.
When the multivariate prediction model without waist circumference was applied to the French DB, the predictions were still good (table not shown). For men, the SEP values were 2·95 kg (R 2 0·84) for BF mass and 2·84 kg (R 2 0·87) for BL mass, with the RSD values being equal to 17·01 and 4·83 %, respectively. For women, the corresponding SEP values were 2·86 kg (R 2 0·89) and 2·80 kg (R 2 0·84) with the respective RSD values of 12·27 and 6·62 %. TF  MWC  87  97  113  97  95  102  105  101  115  89  MWoC  95  108  131  111  110  111  120  110  138  100  APF  MWC  83  91  121  92  100  103  108  96  111  100  MWoC  81  98  131  94  107  110  118  102  116  107  BF  MWC  89  96  112  94  100  100  108  97  122  90  MWoC  90  96  112  95  100  100  108  97  123  90  TL  MWC  88  88  119  94  104  101  108  99  113 TF, trunk fat; APF, appendicular fat; BF, body fat; TL, trunk lean; APL, appendicular lean; BL, body lean; BFF, body fat-free mass, calculated as the sum of the BL mass and bone mineral content. * The accuracy is assessed by a 100-scale score: the smaller the score, the better the prediction. A value of 100 corresponds to the global standard error of prediction for all the categories with waist circumference as a predictor variable. TF  1·73  0·50  1·65  15·49  0·87  1·67  0·71  1·51  12·54  0·90  APF  1·69  0·90  1·43  19·18  0·76  1·99  0·85  1·80  14·76  0·79  BF  2·75  0·92  2·59  13·08  0·88  2·52  0·83  2·38  9·10  0·92  TL  1·65  0·52  1·56  5·54  0·87  1·39  0·61  1·25  6·36  0·81  APL  1·76  0·62  1·65  6·55  0·88  1·58  0·70  1·41  8·76  0·79  BL  2·66  0·70  2·56  4·41  0·92  2·47  0·90  2·30  5·76  0·86  BFF  2·75  0·73  2·65  4·37  0·92  2·52  0·90  2·36  5·61  0·86 SEP, standard error of prediction; RSD, relative standard deviation; TF, trunk fat; APF, appendicular fat; BF, body fat; TL, trunk lean; APL, appendicular lean; BL, body lean; BFF, body fat-free mass, calculated as the sum of the BL mass and bone mineral content. * The absolute value of the total weight of the segmental compartments is predicted. The accuracy is assessed by the SEP in kg and the RSD in %. RSD ¼ 100 £ (SEP/y ) for a predicted variable Y and its mean y, and it is expressed as a percentage. For example, for BF of men, RSD ¼ 100 £ 2·75/21·02 ¼ 13·08 %.
Comparison with published prediction models
When the published formulas with their predictor variables were re-adjusted in the TRD and then applied to the VAD and French DB, the quality of fit was improved in comparison with that of their original formulas. For the BF% of men, the prediction accuracy of the adjusted formula was increased in the VAD by 0·5 % unit for Gallagher's and Jackson's prediction models and by 1 % unit for Levitt's and Gómez-Ambrosi's prediction models. For the BF% of women, the prediction accuracy was improved, on average, by 1 % unit for all the models (Table 7) . For the same compartment in French men and women, only a slight improvement in accuracy was found for the univariate models, except for Gómez-Ambrosi's prediction model, for which the prediction accuracy was improved by 1·5 % unit. The accuracy of our multivariate prediction model, based on age, height, weight and waist circumference, was compared with that of the five adjusted published prediction models. In the VAD, the multivariate prediction of BF% yielded one of the best accuracies, with SEP values of 3·26 and 3·74 %, respectively, for men and women. For men, our SEP values were 0·5 % unit better than those of Gallagher's, Levitt's and Gómez-Ambrosi's prediction models and 1 % unit better than those of Jackson's and Larsson's prediction models. By contrast, for women, the differences between SEP values of the various models were small ( Table 7) . The Bland -Altman plots are shown in Fig. 2 for men and women in the VAD. It appeared that the agreement between our model and the adjusted published models was better for women than for men. In addition, for all the paired t tests, P values ranged from 0·51 to 0·95 and 0·18 to 0·89 for men and women, respectively. Therefore, the difference in predictions was not statistically significant. With respect to the CI of the mean of the difference, it ranged from 20·17 to 0·19 for men and 2 0·03 to 0·13 for women. These results show that there is no systematic difference between our multivariate prediction model and each of the adjusted published prediction models.
In the French DB, the prediction of BF% was based on age, height and weight. The SEP values of our multivariate prediction model were 3·74 and 3·95 %. They were slightly higher than those of Gómez-Ambrosi's prediction model (3·63 %) in men and than those of Gallagher's and Levitt's prediction models (3·93 %) in women.
Discussion
BF, TF and other segmental compartments, such as appendicular muscle mass, are useful factors for assessing predisposition to metabolic risks; therefore, examinations of these segmental compartments provide interesting information. The proposed multivariate model aimed at simultaneously predicting them from age and easily measured anthropometric predictor variables, with a particular focus on the importance of waist circumference. It was built using a US dataset and validated independently using two different datasets. The present results showed that, with the proposed combination of four predictor variables, including waist circumference, the multivariate model enabled accurate predictions for segmental body compositions.
Waist circumference is a well-known predictor of abdominal accumulation of subcutaneous and visceral adipose tissues. In 2001, the National Cholesterol Education Program -Adult Treatment Panel III included waist circumference as a risk factor for the metabolic syndrome (1) . Waist circumference was then widely used to improve the prediction of BF% in combination with a weight-for-height index, such as BMI (28, 29) . In the study by Lean et al. (30) , BF%, which was assessed by densitometry, was more closely related to waist circumference than to BMI, particularly for men. In another study related to BFF, Bosty-Westphal et al. (31) found that waist circumference was a risk factor for decreased BFF and that it was a good anthropometric index for health risk assessment. Similarly in the present study, the accuracy of our multivariate model was improved when waist circumference was entered as a predictor variable. This was particularly meaningful for men for the segmental compartments, such as TF, APL, total BF and total BL masses. For men, a significant improvement in accuracy was observed in all the BMI categories and in the age categories of 20 -35, 35 -50 and 50 -65 years. In addition, waist circumference was especially required to improve the prediction accuracy for Black men in comparison with the other two ethnicity categories. We thus concluded that waist circumference should be included in the multivariate prediction model for normal, overweight and obese subjects, although it is known in clinical practice that there is a physical difficulty in measuring waist circumference of the latter subjects. One important aspect of our proposed model is that it is capable of predicting simultaneously several segmental compartments; to our knowledge, this is the first proposal made for a multivariate model. The joint use of several 
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SEP, standard error of prediction; RSD, relative standard deviation. * The accuracy is assessed by the SEP and RSD, and both are expressed in percentage. The R 2 is also calculated. † There is a significant difference in SEP values between the adjusted univariate prediction models and the multivariate prediction model with the permutation test (P , 0·05). ‡ The original parameter coefficients are not available.
segmental body compositions has been justified in some metabolic disease risk studies. Indeed, an excess amount of TF is associated with a higher cardiometabolic risk, but in addition, after TF mass is controlled, a higher APF mass can be shown to be associated with a more favourable metabolic profile, particularly in women (32, 33) . In a study on subjects aged 60 -80 years, Saunders et al. (34) found that the absolute amount of TF and APF masses influenced the metabolic risk in elder men and women. Moreover, based on a study using DXA, BF was shown to be a complementary significant contributor to BMR in addition to BFF (35) . Some longitudinal studies in cohorts of older subjects (36, 37) have highlighted that the loss of APL mass, measured using DXA, was associated with a greater risk of all-cause mortality compared with individuals with stable APL mass. Furthermore, Kilgour et al. (38) found that in advanced cancer patients, an APL mass-for-height index, measured by DXA, had a significant impact on cancer-related fatigue in men. Therefore, in order to better assess the health status or the metabolic risks of individuals, it is beneficial to predict simultaneously several segmental compartments from the statistical models. In the present study, the results for different populations underline that our proposed model enables the accurate assessment of several segmental compartments for the three ethnicities studied. The reliable prediction for body, trunk and appendicular components may be used for further studies related to pathophysiological and metabolic issues. Of the already published models, five were retained for evaluating the usefulness of the proposed combination of four predictor variables in the multivariate model. These published models mainly integrated BMI and age as predictor variables; some were derived from either densitometry-based or air-displacement plethysmography-based datasets. Original and adjusted formulas, derived from the TRD, were applied to the VAD and their prediction accuracies were used as baseline values for comparison. The results show that the prediction of BF% of predictor variables used in our multivariate model yields a competing accuracy in comparison with the five adjusted published models. This finding justifies the relevance of using age, height, weight and waist circumference for predicting body composition.
Measurements of body composition can be obtained using a variety of methods, each of which provides a different amount of information about body compartments. Each method has specific limitations and measurement errors (39, 40) . DXA and the four-compartment models are usually designated as reference methods for assessing body composition (41 -43) . For BF%, the precision is approximately 3 % for DXA and even lower than 3 % for the four-compartment models (42) . If we take into account these measurement errors combined with the prediction accuracy of our model, we can calculate the model precision using the following formula: ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi DXA precision ð%Þ 2 þ model prediction accuracy ð%Þ 2 : q In our model, the SEP values for BF% were 3·2 % for men in the VAD and less than 4 % for women in the VAD and French DB. Our model thus yields an interesting precision of 4·4 and 4·8 % for men and women in the VAD and 5·0 % in the French DB. Interestingly, Lohman (44) developed standards for evaluating prediction errors (SEP) for BF%. He proposed that an ideal prediction would be denoted by a SEP value less than 2 %, a good prediction by a SEP value ranging from 3·5 to 4 % and a poor prediction by a SEP value greater than 5 %. According to these standards, our multivariate model with the four predictor variables yielded a good prediction error. Indeed, the SEP values for BF% were equal to 3·26 and 3·74 % in men and women, respectively. Even if our prediction model was shown to be good, it cannot replace a direct measurement such as DXA. Nevertheless, due to its easy application and cost efficiency, it appears to be a convenient tool to evaluate the need of DXA prescription. Besides this, the multivariate model enables to suggest a pathophysiological situation or detect a dangerous evolution in case of follow-up. Moreover, such applications could be of interest to educate patients with chronic metabolic diseases. Finally, from a research perspective, such a model could be highly relevant in predicting specific risks in large populations. The present study was limited in some aspects. First, while working with the NHANES dataset, ethnic groups were limited to White, Black and Hispanic subjects for whom accurate predictions were provided. Furthermore, only subjects aged from 20 to 85 years with BMI values ranging from 18 to 40 kg/m 2 were examined. Subjects with a BMI . 40 kg/m 2 were excluded because they are morbidly obese. Already for a BMI .30 kg/m 2 , the accuracy of our model was lower than that for the other two BMI categories. Moreover, waist circumference has little incremental predictive power of disease risk for subjects with a BMI . 35 kg/m 2 (45) . Thus, a particular study should be conducted to predict body composition of morbidly obese individuals. Finally, since data on waist circumference were not available in the French DB, the prediction of body composition for this database only used the three other predictor variables, with the result being a lower accuracy compared with that of the VAD. This result strengthens the conclusions regarding the importance of including waist circumference as a predictor variable.
In summary, waist circumference is an important predictor variable for the prediction of segmental body composition, especially in men. When using age, height, weight and waist circumference, our multivariate model yields a competing accuracy compared with other published univariate models for the prediction of BF%. Compared with these published formulas, the originality and advantage of the proposed model consist in predicting simultaneously several segmental compartments (such as TF mass or APL mass) with a good accuracy; the multivariate outcomes might then be used in studies necessitating the assessment of metabolic risk factors in large populations.
